Background: Random periareolar fine needle aspiration (RPFNA) is a research technique developed to assess short-term breast cancer risk in women at increased risk of breast cancer. Although there is increasing acceptance of RPFNA, neither the reproducibility nor the inter -institutional compatibility of RPFNA has been established. To address these key limitations, the Cancer and Leukemia Group B (CALGB) Prevention Group tested the reproducibility of RPFNA in a multiinstitutional cross-sectional study. Methods: Sixty-three high-risk women from five CALGB institutions (Duke, Ohio State, Roswell Park, Dana Farber, and Vermont) underwent RPFNA from July 1, 2007 to June 30, 2008. Duplicate bilateral RPFNA was performed on each woman by a single investigator on a single day. Masood Cytology Index score was assessed by a single blinded cytopathologist.
Introduction
There is evidence that breast cancer incidence may be significantly reduced in high-risk cohorts by treatment with tamoxifen, prophylactic mastectomy, or prophylactic surgery (1) (2) (3) (4) . However, these risk-reduction strategies carry potential side effects, and prophylactic surgery is expensive. There remains a need for biomarkers to accurately predict short-term risk and identify women most likely to benefit from prevention. Biomarkers that vary with risk and response to prevention interventions are referred to as "surrogate end point biomarkers" (5) . As outlined by Fabian et al., surrogate end point biomarkers should be (a) biologically and statistically significantly associated with cancer development, (b) present in a reasonable proportion of at-risk individuals, (c) obtainable by minimally invasive procedures, and (c) reversible with prevention interventions that have been validated to decrease cancer incidence (6) . Many modalities have been suggested as potential surrogate end point biomarkers for breast cancer, including mammographic density, serum biomarkers, and breast tissue biomarkers (7) (8) (9) (10) . Currently, there is no consensus as to the optimal surrogate end point biomarker.
Breast tissue biomarkers offer the advantage of directly testing for pre -cancerous changes in the breast. Atypia and lobular carcinoma in situ are associated with increased breast cancer risk (11) . Moreover, breast cancer incidence in women with atypical hyperplasia or lobular carcinoma in situ is substantially reduced after treatment with tamoxifen (1, 2) . However, the optimal method to repeatedly sample breast tissue remains controversial. Repeated random core needle biopsies for risk surveillance and/or for measurement of response to a prevention intervention are problematic because, unless the biopsy specimens are obtained from mammographically dense areas, the biopsy is likely to contain few terminal ductal-lobule units (12) . Nipple aspirates have shown some promise, but approximately 40% of nipple aspirates are acellular (13) .
Random periareolar fine needle aspiration (RPFNA) is a research technique that was developed to assess short-term breast cancer risk in women at high risk of breast cancer (6, 14) . RPFNA has the advantage of being inexpensive and may be performed repeatedly, and the majority of samples are cellular in high-risk premenopausal and perimenopausal women (15, 16) . In a single institution study, cytologic atypia in RPFNA predicted a 5.6-fold independent increase in breast cancer risk in high-risk women (6) . This observation supports the use of cytologic atypia in RPFNA as a marker for high-risk benign lesions in high-risk women.
Although RPFNA has gained acceptance (6, 14, (17) (18) (19) (20) (21) (22) (23) (24) , several issues limit its use: (a) the reproducibility of RPFNA has not been determined, and (b) RPFNA has the potential to be operator-dependent. To address these potential limitations, the Cancer and Leukemia Group B (CALGB) Prevention Group tested the reproducibility of RPFNA in a multi-institutional cross-sectional study of high-risk women.
The purpose of our study was to determine the agreement between two Masood Cytology Index scores and two cell count measurements from RPFNA samples of individual women. From July 1, 2007 to June 30, 2008, we prospectively tested the reproducibility of duplicate RPFNA samples from 63 high-risk women. RPFNA was performed on the same breast, on the same day, by the same investigator, using separate needles for sequential aspirations.
Materials and Methods

CALGB.
Our study was approved by the CALGB Prevention Committee and received pilot funding from CALGB. There was central committee review of this study. All CALGB institutions participating in the Prevention Committee were given the opportunity to participate. The five institutions listed in this study elected to participate. All participating sites are CALGB members and the site principal investigators are members of the CALGB Prevention Committee. Recruitment/Demographic Information. Women were recruited from the high-risk breast clinic at each recruiting site. Women were recruited in person and in the order of presentation to the clinic. No patients were excluded; five women declined participation. Demographic data were collected from study participants by patient interview. These data are listed in Table 1 . Information obtained about family history included history of breast, ovarian, and other (colon, prostate, pancreatic, brain, lung, esophageal, head and neck, leukemia/lymphoma) cancers in parents, siblings, grandparents, paternal/maternal aunts/uncles, and paternal/maternal cousins.
RPFNA Training. All investigators were trained to do RPFNA according to the published methods of Carol Fabian (6, 14, (16) (17) (18) (19) (20) (21) (22) (23) (24) and were individually trained by Carol Fabian at the University of Kansas. One investigator at each recruiting site performed the RPFNA. The respective professions of the investigators who performed the RPFNA at the recruiting sites were as follows: Duke, physician assistant; OSU, surgeon; RPCI, surgeon; DFCI, physician assistant; and UV, pathologist. Prior to initiating the trial, investigators from OSU, UV, and DFCI traveled to Duke University and individually reviewed their RPFNA technique with investigators at Duke. All sites used the same sequence of aspiration, needle size, aspiration fluid, and RPFNA specimen preservative.
RPFNA Aspiration. Both breasts were aspirated in all women. The RPFNA aspiration sequence for the right breast is depicted in Fig. 1 . The same sequence of aspiration was used for the left breast. Two areas in each breast (10:00 and 2:00 positions) were infiltrated with lidocaine. Breast tissue was aspirated using breast density as a guide. For each breast, eight 10-mL syringes with 21-gauge (1.5 inch) needles were primed with 0.2 mL sterile media. Eight needles were used per breast; multiple passes were made with each needle. Half of the aspirations were made through the 2:00 skin site (four needles) and half through the 10:00 skin site (four needles). The breast was aspirated in the order outlined in Fig. 1 . Duplicate samples were sequentially pooled in the appropriate collection tube containing modified CytoLyt Solution (Cytyc). Cytology slides were prepared as previously published (18) (19) (20) (21) (22) (23) (24) .
Masood Cytology and Cell Count. Masood Cytology Index score and epithelial cell count for duplicate RPFNA samples were assigned by a blinded, single dedicated cytopathologist (C.M.Z.; refs. 6, 14, [16] [17] [18] [19] [20] [21] [22] [23] [24] . A minimum of one epithelial cell cluster with >10 epithelial cells was required; the most abnormal cell cluster was scored (26, 27) . RPFNA cytology was given a semiquantitative Masood Cytology Index score (26, 27) . Cells were given a score of 1 to 4 points for each of the six morphological characteristics: cell arrangement, pleomorphism, number of myoepithelial cells, anisonucleosis, nucleoli, and chromatin clumping. The sum of these points computed the Masood score: V10, nonproliferative (normal); 11-13, hyperplasia; 14-17, atypia; and >17, suspicious cytology (26, 27) . The numbers of epithelial cells were quantified and classified as <10 cells (insufficient), 10-100 cells, 100-500 cells, 500-1,000 cells, 1,000-5,000 cells, and >5,000 cells.
Statistical Analysis. Duplicate RPFNA samples were obtained from 63 high-risk women. The units of observation were individual breast and right versus left breast for an individual woman. Measurements taken within one breast were considered to be independent from the measures taken in the other breast. Data are displayed by plotting the first Masood score against the 2, 3, etc) . Half of the aspirations were made through the 2:00 skin site (four needles) and half through the 10:00 skin site (four needles). The syringes and tubes were color-coded before the aspiration started to ensure that the correct needle went in the correct tube. Fig. 2A) and the first epithelial cell count against the second (Fig. 2B) , using a line of identity to focus on the area of the plot that indicates perfect agreement. The size of each circle in Fig. 2 corresponds to the number of observations with each pair of readings.
Concordance between the two duplicate readings from one individual was tested within the left or right breast (Table 2) or between the left and right breasts (Table 3) . Agreement between the two readings was initially validated by multiple measures, including Pearson, Spearman, and intraclass correlation coefficients. However, due to the skewed nature of the data, we reported the Spearman and/or intraclass correlation coefficients (Tables 2 and 3 ). Agreement between the two RPFNA Masood scores and epithelial cell counts within the same breast and between each breast were considered, both by study site and overall. Log transformation was used in calculating all statistics for the RPFNA cell count.
ANOVA was used to determine if three continuous variables (age, 5-year Gail risk score, and body mass index) differed by site (Table 4) . Some of the discrete variables considered for this analysis were menopausal status (pre, peri, and post), BRCA1 or 2 mutation (present or not present), and number of first-degree family members (dichotomized to >2 members or V 2 members) diagnosed with breast and/or ovarian cancer. Fisher's exact test was used to determine whether these variables differed significantly by site (Table 5) .
Results
Statistical Agreement of Duplicate RPFNA from the Same Breast. Duplicate RPFNA samples were obtained from both breasts of all 63 high-risk women. There was a high level of agreement for Masood Cytology Index score and cell count measured in duplicate RPFNA samples obtained from the same breast ( Fig. 2 and Table 2 ). In particular, the overall Spearman correlation coefficients for Masood score and cell count were 0.8312 (P < 0.0001) and 0.7260 (P < 0.0001), respectively ( Table 2 ). The reproducibility of duplicate RPFNA samples from the same breast was not affected by age (Masood, P = 0.2498; cell count, P = 0.2725), body mass index (Masood, P = 0.1154; cell count, P = 0.8808), 5-year Gail risk score (Masood, P = 0.9385; cell count, P = 0.3976), menopausal Figure 2 . Plot of duplicate Masood scores and epithelial cell counts from the same breast. Samples were taken from both breasts of 63 women. The unit of observation was the individual breast within each woman. Measurements taken within one breast were considered to be independent from the measures taken in the other breast. Data are displayed by plotting the (A) first Masood score against the second and (B) first epithelial cell count against the second. The line of identity indicates perfect agreement between the two Masood scores or between the two epithelial cell counts. status (Masood, P = 0.3603; cell count, P = 0.6086), BRCA1/2 mutation (Masood, P = 0.2151; cell count, P = 0.5781), or the number of first-degree family members with breast and/or ovarian cancer (Masood, P = 0.4022; cell count, P = 0.6823).
Lack of Agreement of RPFNA from the Opposite Breasts. While the duplicate samples within the same breast had a high level of agreement, duplicate samples from opposite breasts were not similar. Agreement between Masood Cytology Index scores and epithelial cell counts was tested by Spearman correlation coefficients. Neither the Masood Cytology Index score nor the cell count produced statistically significant agreement between the right and left breasts from the same individual (Table 3) .
Differences in Cohort Composition and Institutional RPFNA Measurements. Duke, OSU, and RPCI contributed the majority of women for this study. All three cohorts differed significantly in their demographic composition (Tables 4 and 5 ). ANOVA showed that all three continuous demographic variables (age, P = 0.0258; 5-year Gail risk score, P < 0.0001; body mass index, P = 0.0054) differed by site (Table 4 ). Fisher's exact test showed that the two dichotomous variables, BRCA1/2 mutation status (P = 0.1751) and menopausal status (P = 0.2917), did not differ significantly by site (Table 5) . However, the number of first-degree family members (dichotomized to >2 or V 2 members) differed among study sites (P = 0.0077; Table 5 ). Given the differences in institutional cohort composition, we tested whether there was an institutional effect on RPFNA Masood Cytology Index score and/or epithelial cell count. Specifically, we tested whether overall readings differed among institutional sites (i.e., did one site have higher or lower readings than the other sites?). To carry out this analysis, we used a repeated measure ANOVA to account for the expected correlation found in readings taken from the same woman. We observed that there was a significant difference between Masood Cytology Index score (P = 0.0002) and epithelial cell count (P = 0.0194) obtained from the three highest accruing sites. Based on this result, we examined further the actual differences between pairs of study sites. The least squares mean for each study site (Table 6) indicates that Duke and OSU have significantly higher Masood Cytology Index scores and cell counts than RPCI. However, Duke and OSU do not significantly differ from one another ( Table 6 ).
Discussion
The study described herein shows for the first time that RPFNA is reproducible in a cooperative group setting. Our findings show that RPFNA provides reproducible sampling of mammary epithelial cells from high-risk women and support the future use of RPFNA in multiinstitutional trials.
Significantly, although RPFNA was highly reproducible within the same breast, we did not observe agreement between Masood Cytology Index score and cell count measurements of the right and left breasts from the same woman. This observation suggests that breast cancer risk and progression in the individual breasts of a single woman occur at different rates.
We observed institutional differences among women selected for RPFNA in our three highest accruing sites. Masood Cytology Index score and epithelial cell count varied among institutional sites, likely reflecting differences in cohort composition. Despite these institutional differences, it is even more remarkable that we observed reproducible RPFNA measurements from the same breast.
There are several limitations to our present study. First, our multi-institutional cohort is small. Second, we assessed intra-operator variability of RPFNA, but not inter-operator variability. The concordance between RPFNA measurements suggests that single operators in multiple institutions can produce similar results, but does not address whether different operators would have similar findings in the same woman.
Despite the limitations of our study, these data provide important validation of the reproducibility of RPFNA in a multi-institutional cross-sectional study that included cohorts that varied in demographic composition. Important future directions will include a larger RPFNA cohort study and testing for the reproducibility of RPFNA samples with atypia before and after administration of chemoprevention agents.
Currently, we lack agents to prevent estrogen receptor -negative breast cancer. A wealth of targeted inhibitors are undergoing clinical testing for the treatment of estrogen receptor -negative breast cancer. However, in order to effectively test targeted agents for prevention, we first need to develop biomarkers to identify women who have the highest likelihood of response, and then develop strategies to test for response and resistance. Our study provides evidence that RPFNA shows promise to reproducibly test mammary epitehelial cells during adminstration of targeted agents or prevention agents.
Presently, we have few therapeutic options for women who fail to respond to tamoxifen. Low-toxicity targeted agents hold promise for the prevention of estrogen receptor -negative breast cancer. However, emerging evidence suggests that some targeted agents, due to their specificity, may have unanticipated mechanisms of resistance (28) . Recently, it was shown that women receiving lapatinib for invasive breast cancer developed resistance via paradoxical activation of quiescent signaling pathways. Suppression of ErbB2-signaling by lapatinib in estrogen receptor -negative breast cancer resulted in activation of FOXO3a and caveolin-1, leading to activation of estrogen receptor signaling (29) . This result was unexpected and highlights the importance of directly testing for protein signaling in mammary cytology, rather than relying on indirect markers of response, during administration of targeted agents.
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